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Research paper

Stationary and non-stationary frequency analysis of maximum daily
precipitation in the Atrak basin

M. Teimouri®’, A. Kornejady? and O. Asadi Nalivan®

Extended abstract

Accurate estimation of design precipitation is one of the requirements for construction of
hydraulic structures, which is carried out by various methods of frequency analysis. Different
statistical distributions with various parameters can be used for hydrological time series,
which can be achieved with the goodness of fit tests. The parameter estimation methods are
classically categorized as moments, maximum entropy, and maximum likelihood; each has
capabilities and assumptions. The classical methods to fit observational data use assumptions
for constant parameters of distribution functions; while many studies have been conducted on
non-stationary data, due to factors such as climate change. In calculations for the construction
of hydraulic structures, the assumption of stationary (in the mean or variance) can lead to the
erroneous estimation of precipitation or maximum discharges in different return periods,
hence raise the risk in the design. Therefore, the main goal of the current research is to
compare the results of fitting the generalized extreme value distribution function on the
maximum 24-hour rainfall data series in the annual scale. The data were gathered from 24
rain gauge stations of the Atrak Basin, with the assumption of stationary and non-stationary.
One of the objectives of this research is to compare the results of different quantiles of
maximum precipitation with two Bayesian and maximum likelihood approaches in different
return periods, and determine stations with trends or non-stationary conditions. In
implementing the models, many selected stations have been used for a statistical period of
more than 40 years (up to 2018).

Mann-Kendall and White tests were used to check the non-stationary status in the mean and
variance of annual data. The generalized extreme value distribution function was also fitted to
the time series data. Among the 24 stations with long-term data, five stations with trends and
six stations with non-stationary variance were detected. To determine the parameters of
distributions, different methods were used. Among the classical methods, the maximum
likelihood approach is more acceptable due to the production of the smallest sampling
variance of the estimated parameters. Another widely used method for parameter estimation is
the Bayesian analysis, in which the uncertainty of parameters is presented through a
probability distribution called “prior”. Using Bayes' theorem, prior information and
observations are combined, and its probability is determined, eventually becoming the
"posterior" distribution function and inference. The Markov chain Monte Carlo hybrid
method is also used to calculate and numerically analyze the posterior distribution. Evaluation
criteria, including Akaike (AIC), Bayesian (BIC), Root mean square error (RMSE), and Nash-
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Sutcliffe efficiency (NSE) coefficient, were determined under stationary and non-stationary
assumptions for all stations.

The results revealed that the p-value for all stations was more than the acceptance error (i.e.,
statistically accepted at the significance level of 95%), and the null hypothesis of a proper fit
of the data was confirmed. Also, In Incheh, Cheri, Farouj, Gazangaye, and Qaljiq stations, the
trend was discernible at a significant level of 95%. Regarding the results, the non-stationary
variance was observed only in the Barzu, Darband, Resalat, Zo, Shirvan, and Maravetepe
stations (at a significance level of 95%). The results of both tests confirmed that the annual
24-hour maximum rainfall data of all the studied stations concurrently did not comply with
the non-stationary condition in the mean and variance. To summarize the examined criteria, it
is noteworthy that the BIC criterion in all stations considered the stationary assumption more
favorably, resulting in a lower BIC value. Nash-Sutcliffe coefficient could not differentiate
between the assumptions, and in some cases, it provided relatively similar values for the
stations. As such, this criterion provided similar values for eight stations in two assumptions
of stationary and non-stationary. Therefore, AIC and RMSE criteria were considered more
appropriate to judge the optimality of non-stationary results. In order to investigate the effect
of accepting the assumption of non-stationary on the modeling results of the maximum daily
rainfall values, the low (5 percent), middle (50 percent), and high (95 percent) values in the
100-year return period are examined. The Bayesian method was used to determine the values
of the parameters, as well as the classical maximum likelihood method, in two default states
of stationary and non-stationary. In a nutshell, the similarity of the median results of the data
with the maximum likelihood in the two assumptions was evident in most of the stations.
Although completely identical and significant results were not observed regarding the data
output results with a 100-year return period. Hence, it can be advised that if there is evidence
of non-stationary, the condition should be used in the analysis of the frequencies of extreme
values; otherwise, the assumption of stationary should be put to use. Also, the result of the
conventional maximum likelihood method was found to be somewhat consistent with the
middle quantile values of the method presented by Rango et al. (2019), which would diminish
its compatibility with the high amount of precipitation in the Atrak basin.

Keywords: Extreme event, Generalized extreme value distribution, Return period, Stationary,
trend.
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