
ADOPTED RAINFALL-RUNOFF CALCULATION IN TORRENTIAL 
CATCHMENTS - INSIGHTS FOR THE DESIGN PRACTICEC04

Torrential catchments exhibit varying precipitation-discharge processes per event, which depend on pre-event conditions, rainfall intensity, 

overland flow, and water retention effects. The trend towards denser networks of measurement stations results in better quantitative cap-

turing of precipitation and discharge data. As a consequence, there's an increasingly comprehensive database that can serve as input for 

precipitation-discharge models. Considering the dynamic characteristics of the flow into a channel, the use of 2D hydraulic flood routing 

methods in combination with a classical rainfall-runoff model is employed.

PROBLEM STATEMENT - LOCAL PECULIARITIES IN TORRENTIAL CATCHMENTS PRECIPITATION
In complex terrain, the rainfall process is characterized by high temporal and spatial variability (Hernegger et al. 2015). Due to the alpine 

characteristics with a strong altitudinal gradient and point measurements mostly in the valley floors, the observation of the mean catchment 

rainfall is extremely difficult. Furthermore, weather extremes such as hail or snow lead to measurement errors or the malfunction of the sys-

tem. Therefore, the load diagram of the investigated events can be derived from a combination with weather radar analyses to get the spatial 

distribution of precipitation. However, the improved basic data alone are not sufficient to be able to calculate a good precipitation-runoff 

relationship. For catchments with available data, it is possible to verify the plausibility or even calibrate the most significant parameters. 

However, for catchment areas without measurement data, calculations are subject to many uncertainties and simplifications, as they rely on 

empirical analyses and event documentation. The calculations of observed catchment areas facilitate the estimation of important parameters 

in the models and can serve as a valuable foundation for unobserved catchment areas. However, it is necessary to make certain simplifica-

tions in the catchment areas, although a more accurate approximation is feasible. 

PROBLEM STATEMENT - LOCAL PECULIARITIES IN TORRENTIAL CATCHMENTS RUNOFF OBSERVATIONS AND OVERLAND FLOW
Uncertainties of the discharge generated from water gauging stations in torrential catchments lie in the quality of rating curves (velocity, 

steady or unsteady flow), stability of the channel bed, overland flow (flow retention effects) and problems with sediment or bedload dep-

ositions. It can be expected that these difficulties will be extremely large during flood events.

METHOD
For this study, torrential catchments with available discharge gauges, precipitation data, event data with documentet parts with overland 

flow, and retention areas were selected. The results from two models (classical rainfall-runoff model using the methodology commonly 

employed HEC-HMS with the SCS method in combination with 2D flood routing model (HEC-RAS 2D) and direct flow measurements to 

determine the flow velocity (lagTime, Routing lag) were compared with the observed flow data from discharge gauges. 

DATA SOURCES 
The hydrological digital elevation models were generated with the help of HEC-GeoHMS from airborne lidar data with a resolution of 5 x 

5 m. Using digital terrain data, HEC-GeoHMS produces HMS input files, a stream network, sub-basin boundaries, and hydrologic elements. 

The channel system is based on data from the torrent and avalanche cadastre in Austria (WLK). The system includes catchment areas for 

torrents, with each sub-catchment area ranging from 1-5 km² depending on the necessary junctions required for technical protection meas-

ures. These measures include retention basins, some of which are already in place while others are potential locations. From the possible 

models in HEC-HMS, we used the SCS curve number (CN) loss model to compute the cumulative losses, the SCS unit hydrograph for mod-

eling the direct runoff, and the recession method to calculate the streamflow hydrograph. For the hydraulic parts (definition of the lagtime 

in min in the channel parts) in the resolution digital elevation models were generated with the help of terrestrial surveying methods and 

airborne lidar data.

CATCHMENT SITES – SHORT OVERVIEW
Strobler Weissenbach

The torrent Strobler Weissenbach is located in the province of Salzburg in the alpine region of Austria and encompasses 45 km², the gauging 

station is situated in the lower part of the catchment, 500 m above the tributary Ischler Ache. The mean slope of the stream is 2.0 %, and 

the river length is about 11 km. The design event has a value of 150 m³/s. Relevant hydrological conditions comprise two slot barriers for 
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water and bedload dosing along with an extended valley floor possessing rigorous bed load transport, stream faults and flow retention areas.

Saalach

The torrent Saalach is located in the province of Salzburg in the alpine region of Austria and encompasses 80 km², the gauging station is 

situated in the lower part of the catchment. The mean slope of the stream is 1.0 - 2.0 %, and the river length is about 10.6 km. The design 

event has a value of 112 m³/s. The mitigation measures situatet in the subbasins with debris flow breakers, slot barriers for filtering and 

dosing and the vast floodplains in the valley floor play a crucial role in determining the hydrological properties of this catchment.

Lofererbach

The torrent Lofererbach is located in the province of Salzburg in the alpine region of Austria and encompasses 117 km², the gauging sta-

tion is situated in the lower part of the catchment close to the tributary Saalach. The mean slope of the stream is 2.0 - 5.0 %, and the river 

length is about 18 km. The design event has a value of 140 m³/s. In the summer months, it is essential to consider several crucial factors 

in this extended drainage basin, such as the lake Pillersee and low-lying wetlands in the Adolari Wetland Reserve, flow retention areas in 

the middle reach, altitude, and the snowfall limit. It is anticipated that this will result in a retention effect and a reduction in flood waves.

Grünaubach

The torrent Grünaubach is located in the province of Oberösterreich in the alpine region of Austria and encompasses 53 km², the gauging 

station is situated in the lower part of the catchment close to the tributary Saalach. The mean slope of the stream is 2.0 %, and the river 

length is about 6 km. The design event has a value of 127 m³/s. Due to frequent flooding and the transport of sediment/bedload and debris 

in the valley, it is challenging to accurately estimate the flow times (lagtime, flow routing) for each node due to the occurrence of landslides 

and river channel disturbances.

Obersulzbach

The torrent Obersulzbach is located in the province of Salzburg in the alpine region of Austria and encompasses 80 km², the gauging station 

is situated in the lower part of the catchment close to the tributary Salzach. The mean slope of the stream is 8.0 %, and the river length is 

about 12 km. The design event has a value of 150 m³/s. The enormous elevation up to the glacier, with glacial melt and huge amounts of 

debris and bedload, as well as mudflows in the middle reaches, make the calculation of flow times and runoff effective precipitation in this 

catchment extremely difficult. Although many simplifications were made, the simplified rainfall runoff model was used to calculate this ex-

ample due to the availability of excellent input data for precipitation, including a station in the uppermost catchment area and a discharge 

gauge on the fan.

BACK-CALCULATED EVENTS - RESULTS
STROBLER WEISSENBACH 2012 VS. 2019
The steep variation in altitude across the catchment and the fact that the Strobl precipitation station only measures at one point on the val-

ley floor means that it does not accurately represent rainfall in the higher areas of the catchment. For both events, the critical precipitation 

cell was located in the uppermost part of the catchment. To address this, input precipitation was gathered from the Station Data Postalm 

(reporting interval 15 min) located in the upper region. Upon reviewing the 2012 event results, ist is evident that the computed run-off with 

precipitation data conforms to the peak accurately; however, the ascension phase starts prematurely with a pronounced overestimation, and 

the recession phase exhibits significant underestimation. The SCS unit hydrograph for modeling the direct runoff as well as the recession 

method to calculate the streamflow hydrograph were adjusted to achieve a deviation of 4-6 m³/s. The findings of the 2019 study demon-

strated a distinct pattern of behavior. The maximum point is exaggerated, as is the initial surge, with subsequent calculations falling short of 

the actual measurements. The flow of water is significantly overrated in certain areas, with discrepancies ranging between 10 and 30 m³/s.

Figure 1.1 and 1.2: Strobler Weissenbach calculated and observed data (events 2012 and 2019) 
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SAALACH 2013 VS. 2014

In this case, the hydrological adaptation was influenced by the elongated valley floor with multiple floodplains in the foreland, as well as 

the retention effects of the tributary torrents due to protective measures (slot barriers for filtering and dosing). The adaptation resulted in a 

reduction in flow duration between hydrological nodes. This were determined through measuring flow velocities and recalculating rough-

ness for homogeneous sections. Additionally, 2D models were used to determine foreland flow times. Despite these adjustments, the model 

greatly overestimates the measured values.

Figure 2.1 and 2.2: Saalach calculated and observed data (events 2013 and 2014) 

LOFERERBACH 2013 

In 2013, there were two hydrological issues: the snow line temporarily exceeded the highest elevation of the catchment area before drop-

ping to lower elevations near to the valley floor, and there was extensive flooding on the valley floor with considerable flow retention ef-

fects. These issues were resolved by analyzing the spatial distribution of precipitation with the help of weather radar data and hourly snow 

line measurements, as well as conducting a numerical 2D runoff simulation on the valley floor. Taking into account the effects of retention 

and snowfall within the rising and falling limb, the model underestimated the measured discharge values, while slightly overestimating the 

peak value. The discrepancy is in the range of 10-20 m³/s during the rising and falling limbs, with a deviation of approximately 5-7 m³/s at 

the peak.

Figure 3 Lofererbach calculated and observed data (event 2013)

GRÜNAUBACH 2013 VS. 2014

Two events 2013 and 2014 were calculated. Due to the elongated shape of the catchment area, the precipitation information obtained from 

the weather radar was partitioned into three sections (the lower, middle, and upper catchment regions). The weather radar data are sourced 

from the weather portal from the Austrian Service for Torrent and Avalanche Control, based on the data of Geosphere Austria (formerly 

ZAMG). The data are 15-minute averages for each sub-catchment area during the event period. The computed run-off with precipitation 

data conforms to the peak accurately; however, the ascension phase starts prematurely with a pronounced overestimation (event 2013), 

and the recession phase exhibits significant underestimation. The variation is up to 10 – 20 m³/s. The 2014 event aligns well with the peak, 

and the rising limb corresponds accurately with the measured data. During the falling limb, underestimation and overestimation transpire.
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Figure 4.1 and 4.2: Günaubach calculated and observed data (events 2013 and 2014)

OBERSULZBACH 2014

Due to the weather conditions, which included snow and glacier melting, temperature readings from the Krimmler Tauernhaus and Steinkar 

measuring stations as well as weather radar data (Snowgrid analysis) were incorporated. The estimation of snowmelt and snow line was 

simplified by using the temperature data from the Krimmler Tauernhaus measuring station. This data was taken into account on an hourly 

basis to determine the effective precipitation during the event period. The HEC-HMS model was calibrated using the aforementioned data 

sources, employing the SCS-CN method on the basis of SEGER Landcover Austria and geological map, and applying a simple flow routing 

(lag time method). The Curve Number (CN) values were determined by intersecting the real habitat types, as defined by Seger, with the 

sub-catchment areas in the GIS. CN values were assigned to each individual habitat type, such as coniferous forest interspersed with rocks 

(habitat type 350 = CN value 65), and the mean CN value was calculated for each sub-catchment area. The lag time in [min] was based on 

observations from the 2014 event that experienced bed load shifts, stream faults, and partial blockages. The calibration results demonstrate 

an acceptable scale with the water level records for the event on 30th to 31st July 2014, in terms of the hydrograph's shape with rising and 

falling limb, albeit with a slightly underestimated discharge peak. Using these calculations, the HD adjusted the discharge peak to 135 m³/s. 

However, further validation was not possible due to a lack of additional events. Therefore, a plausibility check was conducted using existing 

event documentation and literature (Pangerl, 1991).

Figure 5 Obersulzbach calculated and observed data (events 2014)

DISCUSSION
The calculation of rainfall-runoff events in torrents is subject to numerous uncertainties, even in observed catchment areas with measured 

data. This work identifies individual adjustment options that can be subsequently used to improve the calculation in unobserved catchments. 

Various parameters can be used to improve the results. This work identifies individual adjustment options that can be subsequently used to 

improve the calculations. Better adaptation to the measured values was achieved using the following approaches:

Parameter Improvements

(sub) catchment rainfall alpine characteristics with strong altitudinal gradient points - a combination of weather radar 
analyses and measurements to get the spatial distribution and adjustment with stations in the 
valley floors  (single observed storm event)
Modification with analysis of the snowfall line based on weather radar analysis (snowgrid 
values)
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Loss and Transform SCS curve number (CN) loss model to compute the cumulative losses with slightly modified 
CN-values. For the forested areas we used values from 55 to 65, for grass land areas 60 – 65 
and for human areas 75. That means a general trend of minus 10 % compared with data from 
literature.
SCS unit hydrograph for modeling the direct runoff as well as the recession method to calcu-
late the streamflow hydrograph (consideration of antecedent moisture condition, soil type, land 
cover, field experiments, event documentations and analysis, …).

Routing lag The water flow times between nodes were determined through actuallymeasuring flow veloci-
ties and recalculating roughness for homogeneous sections. Additionally, 2D models were used 
to determine foreland flow times.

Retention basin Implementation of reducing flood peak and increasing lag time effects of lakes and retention 
basins

Torrent processes The disadvantage of not including torrent processes in the simplified rainfall runoff model was 
mitigated by modifying the channel-flow times (Routing lag time in min) for bedload-dominat-
ed channel sections and debris flow inputs  from subbasins into the main torrent section.

The listed values indicate the calculated and measured peak results. The modeling adjustment is displayed as well. The root mean square 

error (RMSE) indicates quality, and it ranges from 13.0 m³/s to 7.1 m³/s with the modification. The percentage deviation from the peak dis-

charges falls between 11.2% and modified 6.8%. 

Figure 6 Peak values were evaluated with (dashed points) and without modifications.

Significant differences arise when comparing computed and observed discharge loads. The root mean square error (RMSE) is 1792 m³, with 

a percentage deviation of 22%.

Figure 7 Discharge loads observed and calculated 
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INSIGHTS FOR THE DESIGN PRACTICE
For planning practice, the question now arises as to what conclusions can be drawn from the results shown above? The calculated peak 

discharges and discharge loads are within an acceptable range when using the standard parameters (CN values depending on pre-wetting 

and soil type as well as land use, e.g. forested areas 50, grass land areas 55, human areas 75, rocky terrain 80) and a definition of the load 

pattern as a combination of precipitation station data, weather radar data and interpretation as well as expert judgement based on the event 

analysis. Regarding the load pattern! It is important for the user to assess the quality of the available data to avoid using poor quality input 

data from the beginning. The quality of the weather radar data, in particular, varies significantly in terms of measured intensities depending 

on the geographical location and, according to the Geosphere (formerly ZAMG), also depending on the type of event, such as heavy rainfall 

or land rainfall.

Although weather radar data provide an approximate indication of the spatial and temporal distribution of precipitation, inaccuracies in 

intensity often mean that they cannot be used directly as precipitation input. In the context of this work, the spatial distribution of pre-

cipitation was derived from the analysis of weather radar data and the intensity of precipitation was derived from the directly measured 

precipitation of the station data (using the example of Strobler Weißenbach). This combination - in conjunction with the knowledge from 

the event documentation (e.g. June 2013 with the snow line) - resulted in a highly plausible load pattern for each event. The typical behav-

iour of the event hydrograph - following an exponential function - can be calculated using the base flow method to improve the shape of 

the calculated discharge hydrograph (outgoing flood wave).  For the catchments, the retention constant between 0.2 and 0.4 (decrease in 

baseflow after a heavy rainfall event) and the ratio of peak discharge to threshold discharge (ratio to peak) between 0.2 and 0.4 were used 

to calculate well-fitting discharge hydrographs.

By using back-calculated precipitation-runoff relationships, as a recommendation standard parameters can be reduced by 10% compared 

with data from literature. This includes selecting CN values based on pre-wetting (for example from 55 to 50 for forests), calculating initial 

loss and Tlag-Time based on SCS 1972 formula (using standard parameter), and conducting an intensive study of the load pattern while 

considering all precipitation data (station records, weather radar, and event documentation). This approach will help achieve an acceptable 

range of measured discharges. It may be necessary to make adjustments for flow duration (SCS routing lag time). The flow velocities were 

adjusted from 2-4 m/s to an average of 2-1.5 m/s based on direct discharge measurements in the field and calculated flow retention effects 

using 2D numerical modelling. This adjustment resulted in a better match between the calculated and measured hydrographs.

In practice, determining the load pattern for catchment areas and design events has always been an expert task! The calculation of different 

scenarios results in a range for the design value, and a clear definition is often very difficult - especially in unobserved areas! For future 

improvements, further densification of the monitoring network should be pursued! An improved analysis of the spatial distribution and in-

tensity of weather radar data is necessary! Particularly for unobserved areas. However, this study also highlights the need for intensive work 

from event documentation to analysis. As not all measured data can be directly incorporated into the modelling. Additionally, the inclusion 

of the snow line is crucial for events in summertime! Especially in alpine areas due to the altitude range. When documenting events and 

conducting subsequent analyses, it is crucial to consider these phenomena! 
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