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ABSTRACT

Various approaches for determining peak discharges of debris flows can be found in the literature. In this contribution the data basis for a
better estimation of peak discharges is extended by results from measurements of debris flows at the monitoring stations “Lattenbach” and
“Gadria”, where more than 150 data sets are analyzed based on the evaluation of individual debris-flow surges for the first time. Because
of the weak relationship between the means of peak discharge and total volume Quantile regression is subsequently used to analyze these
data sets. The calculated 9th decile appears as a statistically validated value for the rapid estimation of peak discharges of debris flows.

It should be noted that it is challenging to use the total load of a debris flow as an independent variable in estimating of peak discharge.

INTRODUCTION

A reliable estimation of peak discharges from debris flows (QDF) is essential for hazard analysis in torrential catchments. In principle, two
empirical approaches can be found in the literature. One method is based on multiplying a hypothetical runoff of an event (QW) by a factor
that depends on the solids concentration (cv). In addition, further coefficients can be added as multipliers (e.g. blocking coefficient DO).

The formula from Gong et al. (2021) is cited here as an example:
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Equation 1

In application, this means that either only the peak discharge of a pure water hydrograph is multiplied by a factor or that the peak value is
increased using a triangular hydrograph, which also increases the volume of the discharge if the duration of the direct runoff is not changed.

However, as can be seen in Figure 1, this approach greatly overestimates the volume of the debris flow.
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Figure 1: Sketch of the difference between triangular and real debris flow hydrographs

The second method is based on an empirical correlation between peak discharge and the total load of a debris flow (VDF). Rickenmann
(1999) provides a theoretical justification for this based on Froud's law of similarity. Rickenmann (1999) recommends a value of 0.1 for the
coefficient a. This approach is similar to the one proposed by Ikeda et al. (2019), which sets the coefficient a in the value range from 0.01
to 1.
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Equation 2

The data on which this method is based results on an estimate of the peak discharge, usually calculated from the determination of the wet-
ted cross-sectional area and an estimated velocity, and an estimate of the total volume of the debris flow. However, it is not known when
the peak discharge occurred, of how many surges the debris flow consisted of and at which surge within the debris flow this peak value
occurred. This results in a similar problem to the above method, as there is a geometric relationship between the shape of the hydrograph,
the volume and the peak discharge. It should be noted that the data sets from Ikeda et al. and Rickenmann (kindly provided by Rickenmann)

only cover total load values > 1000 m3.

METHODS

In this study the data from Rickenmann (94 data sets) and Ikeda et al. (59 data sets) are supplemented by measurement data from Latten-
bach, Tyrol (32 data sets) and Gadria, Autonomous Province of Bolzano (121 data sets). Both catchment areas have a high frequency of
debris flows, making them very suitable for debris flow monitoring. A description of the catchment areas and monitoring sites can be found
in Hurlimann et al. (2019). The Institute of Mountain Risk Engineering has been monitoring debris flows on the Lattenbach since 2015 and
on the Gadria since 2017. In addition to recording the stage curve at fixed cross-sections, the surface velocity is also measured, which allows
the debris flow discharge to be calculated with a high temporal resolution (Hiibl and Kaitna, 2021). For the subsequent analysis, the peak
discharges and the corresponding loads were extracted for each identifiable debris-flow surge within a debris flow (Figure 2). This is the

main difference to the data available to date.
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Figure 2: Example of debris-flow surge identification

We argue that the ratio of peak discharge to debris-flow load is better represented by individual surges rather than the assumption of a
triangular debris-flow hydrograph over the entire duration of a debris flow as shown in Figure 1. This analysis considers that short episodes
within debris flows can have a high peak discharge. At this stage it is unknown how the literature data were recorded. Anyhow, in the first

step we include these data sets in the following statistical analysis for comparative reasons (Figure 3).
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Figure 3: Used datasets in comparison with the approaches of Rickenmann (1999) and Ikeda et al. (2019)

With the 306 data sets available, a quantile regression is carried out analogously to Wundt (1953) and the corresponding deciles can be cal-
culated statistically. Quantile regression is a type of regression analysis and used when the conditions of linear regression are not met. The
method of least squares estimates the conditional median (or other quantiles, deciles) of the response variable. One advantage of quantile
regression is that the quantile regression estimates are more robust against outliers in the response measurements. That is why quantile
regression has been proposed and used as a way to discover more useful predictive relationships between variables in cases where there
is no relationship or only a weak relationship between the means of such variables. The chosen 9th decile means that 90 percent of the

data records lie below the regression line. In practice, this 9th decile is usually used in Hydrology to estimate a one hundred-year flood.

RESULTS AND DISCUSSION

The quantile regression produces a power function for the upper limit with a similar slope to that of Rickenmann and Ikeda et al. (Figure
4). Analyses of the surge peaks in the Lattenbach and the Gadria show that surges with a load between 100 and 5000 m3 have the greatest
influence on the result of the regression. This means that it does not have to be the total volume of a debris flow that is responsible for the
highest peaks, but even surges with a small volume can lead to high peak discharges. Due to this effect with smaller loads, the regression

slope becomes flatter and deviates from the theoretical exponent 0.833 (Rickenmann 1999). The 9th decile can be expressed as

Qpr = 1.8584 - V%798

Equation 3

and the upper bound (10th decile)

Qpr = 0.5402 - V08623

Equation 4

With a debris-flow load of around 100,000 m3, the same peak discharge is calculated using both the Rickenmann approach and the 9th
decile. The smaller the debris flow load, the greater the peak discharge calculated with the quantile regression. This trend reverses from a
debris flow load of 100,000 m3 onwards. This behavior is due to the different data basis. In the data set that contains the larger total volumes,

it is assumed in principle that the debris flow consists of only one surge.
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Figure 4: All used data in comparison with the 9th decile of the quantile regression of debris flow peak discharges

CONCLUSIONS

The analysis of numerous measured debris flows shows that these are usually divided into numerous surges over time. For the estimation
of peak discharges, it seems essential to analyze the individual debris-flow surges. The power function of the 9th decile presented is based
on the temporally high-resolution measured values of individual debris flows surges, whereby the geometric relationships between hydro-
graph and volume are maintained. The results show that even smaller total volumes can generate significant peak flows with values that are
underestimated in Rickenmann's formula. For a further development of the estimation of peak discharges of debris flows, it is important to

better record the temporal distribution of the discharges in order to obtain an indication of the development of individual surges.
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