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Abstract

In hydrological and hydraulic modeling, identification and evaluation of the rainfall pattern and extreme events for a
specific probability of occurrence is considerably important. The purpose of this research was to identify patterns of
precipitation data and analyse extreme events for a time series of 6939-point data from 2001-2019. The Mann-
Kendall trend test is used to detect the trend in the data at 5 % level of significance. Log Pearson Type IIl and
Gumbel are applied for the analysis of the extreme rainfall events. Outlier testing was carried out and high and low
outliers were observed in the data with values 68.24 mm and 20.74 mm, respectively and were removed. As the
computed p - value < 0.0001 is lower than the significance level alpha = 0.05, the null hypothesis Ho should be
rejected, and the alternative hypothesis Ha should be accepted. As the alternative hypothesis Ha is accepted, it is
concluded that there is a significant trend component in the time series data.
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1 Introduction

This study is part of the research on modeling of flash floods in ungauged catchment areas for semi-arid regions in
northern part of Ethiopia. Though several areas are frequently affected by such hydrological hazards, this study has
focused on Wukro town which is surrounded by mountainous terrains with sparse vegetation cover and which has
been under dynamic land use/land cover change due to urbanization and degradation.

Hydrological and hydraulic models are used to simulate the hydrological behaviour of the catchment and model the
hydraulic surface runoff of the flash floods in a specific area.

The rainfall-runoff correlation of the area is examined using Hydrologic Engineering Centre Hydrological Modeling
System (HEC-HMS) which is a physically based semi-distributed model designed to simulate rainfall-runoff
processes of dendritic watershed systems (Scharffenberg, 2010). It was developed by the US Army Corps of
Engineers and since then it has been widely applied for humid, tropical, subtropical, and arid watersheds to simulate
and forecast streamflow. Many studies conducted in the previous times with HEC-HMS showed its ability to simulate
and forecast streamflow based on different datasets and catchment types (Anderson et al. 2002; Bournaski et al.
2009).

The most severe urban areas could be simulated using a high resolution hydrodynamic numerical 2D model called
hydroinformatics modeling system (hms) solving the shallow water equations. hms is a Java-based object-oriented
software framework that has been developed at the Chair of Water Resources Management and Modeling of
Hydrosytems, Technische Universitat Berlin since many years (Simons et al. 2014).

This paper focuses on the statistical analysis of available precipitation data which is an essential input for the above-
mentioned models. Trend identification in the time series is tested using the parametric and non-parametric Mann-
Kendall trend test (Durn, 2010). In this contribution, Mann-Kendall non — parametric trend test is used.

Null and alternative hypotheses are applied to identify the presence or absence of the trend component in the time
series. The null hypothesis (Ho) assumes that the time series data have no trend while the alternative hypothesis
(Ha) expects, there is a significant trend in the time series (Bainchi et al., 1998). As the precipitation data is one of
the main inputs for the hydrological modelling (HEC — HMS), the trend component was identified and evaluated
using statistical methods. Presence of outliers in the data creates difficulties when analysing the trend of the data.
The method of Grubbs and Beck (1972) could be used to pinpoint high and low outliers.

2 Results and discussions

Long term precipitation historical records were used to identify the presence or absence of precipitation trend for
the period of 2001 to 2019.Having done the precipitation data analysis using the statistical methods, the statistical
parameters of the data are: maximum = 59.733 mm, minimum = 0 mm, mean = 1.5948 mm, standard deviation =
4.6923 mm, p-value < 0.0001, and alpha = 0.05.

As the computed p - value is lower than the significance level alpha = 0.05, the null hypothesis Ho was rejected,
and the alternative hypothesis Ha was accepted. Thus, there was a significant trend component in the time series
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as shown in Figure 1. The risk to reject the null hypothesis Ho while it is true is lower than 0.01%. This implies that
there is a significant trend component in the time series data.

Precipitation frequency analysis for different return periods was carried out for 19-year data from 2001 to 2019 using
Gumbel’s and Log Pearson Type Il methods. The probable maximum precipitations for 10, 50, 100 and 200 years
recurrence periods (mm) for Gumbel (mean = 39 mm and standard deviation = 9.93 mm) and Log Pearson Type lll
(mean = 1.58 mm, standard deviation =0.11 mm and skewness= 0.153) were 55, 71, 77, 84 and 53, 65, 69, 74
respectively.

The peak values for Gumbel’'s method are a bit higher than for the Log Pearson Type Ill. This could be caused by
the transformation of the data into logarithm.

For the same precipitation data used in the precipitation frequency analysis, outlier test was carried out between
+0.4 for high and low outliers, and the results found were 68.24 and 20.74 mm for +0.4 and -0.4. The maximum
and minimum values of the data were 60 and 24 mm, respectively. It was concluded that both outliers were found.
Therefore, it was important to remove the outliers from the data before using for further analysis.
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Figure 1: Trend analysis using Mann-Kendall trend test

Having determined the pattern and trend of the historical time series precipitation data, appropriate methods could
be selected and applied for prediction or forecasting of the precipitation time series which will be the input for the
hydrological and hydraulic modeling of flash floods in ungauged catchment areas in a semi-arid region in the
Northern part of Ethiopia.
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