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Abstract

This paper presents the results of a study aimed at analysing the flood frequency of the Nera River using the Gumbel

distribution. One of the major problems faced by water resources engineering design specialists is the estimation of

peak flows. The instantaneous peak flow data over a period of 30 water years (1993-2022) were collected from

National Water Authority. For this analysis the return period (T) used is 2 years, 10 years, 50 years, 100 years, 150

years.
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1. Introduction

Flood frequency analysis is most used by specialists in estimating peak flood amounts for a set of non-exceedance

probabilities. Flood frequency analysis is used for the design of hydrotechnical works (dams, bridges, spillways, dykes,

etc.) and for risk assessment in flood zones[1].

Flood frequency analysis involves fitting a probability model to the sample of maximum flows recorded over an

observation period, for a watershed. The established model parameters can then be used to predict extreme events with a

large recurrence interval (Pegram and Parak, 2004).

These frequency estimates are vital to floodplain management; to protect the public, to minimize flood-related costs, to
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design and locate hydraulic structures, and to assess the hazards of floodplain development[2]. The Gumbel distribution is

a statistical method used to forecast extreme hydrological events such as floods[3](Shaw, 1983).

2. Materials and Methods

2.1. Study Area

The Banat hydrographic area is located in the southwestern part of Romania and occupies an area of 18,320 km2. The

Nera River originates from the Semenic Mountains, with a length of 124 km. The Banat hydrographic area has a moderate

temperate continental climate with sub-Mediterranean influences, and the multiannual average temperature is 6°C.

Regarding precipitation, they have values of 500 mm in the lowland areas, and 1,000 - 1,430 mm are recorded in the

highlands. The total area of the hydrographic basin of the Nera River is 1240 km2 (Fig.1).

Figure 1. The study area map

2.2. Methods

The Gumbel distribution method, of frequency analysis requires a minimum of ten years of peak historical data to

Qeios, CC-BY 4.0   ·   Article, October 8, 2024

Qeios ID: 0F56EB.2   ·   https://doi.org/10.32388/0F56EB.2 2/6



determine the future probabilistic prediction.

In this study, the Gumbel frequency distribution method (Eq. 1) was applied to predict the flood frequency in the Timis

river basin [4].

Fx(x) = exp[ − exp( −

x − u
α )] = p (1)

The mean value is calculated by summing all the individual values and dividing by the number of individual data values

(Eq. 2).

¯
x =

n

∑
i=1

xi
n (2)

τ =

∑n
i=1(xi −

¯
x)

2

(n − 1) (3)

The Gumbel’s Distribution time dependent probability frequency analysis equation is (4)

XT =

¯
¯
x

+ K ∙ τ (4)

Where: XT is Gumbel’s Distribution in reference to return period; 
¯
x is the mean value; σ is the standard deviation; K is the

factor of frequency

3. Discussion and Conclusions

To estimate the design flood for different return periods with the Gumbel method, from the series of maximum annual

floods (table 1) for n years, the average � ̅ and τ is calculated.

The average value is calculated by the ratio between the summation of all values of the maximum annual flows and the

total number of values of the string. The most widely used measure of dispersion is the standard deviation (τ), defined as

the square root of the mean square of the deviations from the average value. To calculate the estimates of exceedance

probabilities associated with the peak flows in Table 1, Gringorten's position representation formula is used:

qi =

i − a
N + 1 − 2a (5)

Where,

qi - Exceedance probability associated with a specific observation.

N - Number of annual maxima observations.

√
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i - Rank of specific observation

a = 0.44, constant for estimation using Gringorten's method

Next, the probability pi, reduced variate (Y) was calculated, respectively Tp - represents the estimated distribution of the

30 years of data.

Table 1. The annual maximum at Naidas hydrometric station
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The average of 30 years is of 197.033 mc/sand the computation of annual peak discharge for return period of 5 years, 10

years, 50 years, 100 years, 150 years are presented in table 2.

Table 2. The parameters for flood frequency analysis

Figure 2. Flood Frequency Analysis Graph
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The results illustrate the flows analysed for a return period of 5 years, 10 years, 50 years, 100 years, 150 years are:

267.84 mc/s, 431.51 mc/s, 500.84 mc/s, 541.21 mc /s. From the regression analysis equation, R2 gives a value of 0.9

which shows that Gumbel's distribution is suitable for predicting the expected discharge in the river.
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